Background: Treatment with tamoxifen or chemotherapy reduces the risk of contralateral breast cancer (CBC). However, it is uncertain how long the protection lasts and whether the protective effect is modified by patient, tumor, or treatment characteristics.
Background
Women who receive tamoxifen or chemotherapy as treatment for breast cancer are at reduced risk of developing contralateral breast cancer (CBC) according to findings from randomized trials [1, 2] and observational studies [3] [4] [5] [6] [7] [8] [9] . Nonetheless, several unresolved questions regarding these associations remain.
Data on how long the protective effect persists are sparse in relation to tamoxifen [2, 6, 9] and chemotherapy [6] ; however, prior studies suggest that the risk reduction may last for up to 10 years following first breast cancer diagnosis. For tamoxifen, the first phase of the WECARE (Women's Environmental, Cancer, and Radiation Epidemiology) Study showed a risk increase beyond 10 years after first breast cancer diagnosis [6] . Duration of tamoxifen treatment may influence the efficacy over time, during periods of active treatment, and afterwards, but this is also understudied [3, 9, 10] . The Early Breast Cancer Trialists' Collaborative Group (EBCTCG) Study published in 2011 demonstrated a protective effect lasting for up to 5 years after ending 5 years of tamoxifen treatment [2] . Regarding risk of estrogen receptor (ER)-specific CBC, one study nested within a registry-based cohort of women with ER-positive breast cancer showed that duration of tamoxifen treatment for 5 or more years was associated with an increased risk of ER-negative second tumors [10] .
Some evidence indicates that tamoxifen may only reduce the risk of CBC for women diagnosed with an ER-positive first tumor [2] and that chemotherapy offers protection against CBC only for women younger than 50 years at treatment [1] . Both types of systemic therapy have been shown to be protective against CBC in BRCA1 and BRCA2 mutation carriers [11] [12] [13] . It is unclear whether other characteristics, such as body mass index (BMI), influence the risk of CBC associated with systemic breast cancer therapy.
A better understanding of these issues is critical since CBC is a major concern for breast cancer survivors. Therefore, we analyzed data from the expanded WECARE Study, a large international population-based case-control study of CBC risk following a diagnosis of first primary breast cancer.
Methods

Study population
Recruitment and data collection for the WECARE Study were conducted in two phases, herein referred to as WECARE I (2001) (2002) (2003) (2004) and WECARE II (2009) (2010) (2011) (2012) . All participants were identified through eight populationbased cancer registries: six in the USA, one in Canada and one in Denmark (Table 1) . Selected from a large cohort of women diagnosed with an invasive breast cancer, case patients were diagnosed with CBC and control patients were diagnosed with unilateral breast cancer.
Cases and controls in WECARE I and II were eligible for inclusion if the first breast cancer was invasive with no disease spread beyond regional lymph nodes and diagnosed during 1985-2008 before age 55 years. Cases were diagnosed with CBC during 1986-2011, and the interval between the first and second diagnoses was at least 1 year in WECARE I and 2 years in WECARE II. Invasive and in-situ CBCs (the latter accounting for 20 % of CBCs) were eligible for WECARE I, whereas only invasive CBCs were included in WECARE II. Cases and controls were individually matched in triplets (one case and two controls) in WECARE I and in pairs in WECARE II by age at first breast cancer (5-year strata), calendar-year of first diagnosis (4-year strata), cancer registry, and race/ethnicity. In WECARE I, for statistical purposes, cases and controls were further counter-matched on radiotherapy so that in each triplet two women had received radiotherapy and one woman had not. The reference date for cases was the CBC diagnosis date while for controls it was defined by adding the interval between the first breast cancer and CBC for the matched case to the date of unilateral breast cancer for the control. No other cancer diagnoses, except non-melanoma skin cancer, were allowed up to and including the reference date. The 'at-risk' period was defined as beginning at the date of first cancer diagnosis and ending at the reference date. During this period cases and controls had to reside within the same registry catchment area. Controls were ineligible if they had a prophylactic contralateral mastectomy before the reference date. All participants had to be alive at the time of contact in order to complete a telephone interview and provide a biospecimen.
Data collection
Information regarding treatment for the first breast cancer and any recurrences during the 'at-risk' period was obtained by abstracting medical records. The recorded information on chemotherapy and hormonal therapy included start and end dates of administration, reason for treatment, and type of drug. If treatment information was unavailable in the medical record, we used selfreported information (for chemotherapy 4 % and for tamoxifen 5 % of all patients).
Medical records were used to obtain information on tumor characteristics (histology, stage, and ER and progesterone receptor (PR) status) for the first breast cancer and the CBC. Information on tumor characteristics was also sought from the cancer registries where available. The telephone interview included questions on known breast cancer risk factors.
A total of 2354 cases and 3599 controls were eligible and invited to participate in the WECARE studies. The final number of participants who completed the interview and provided a biospecimen was 1521 (65 %) cases and 2212 (62 %) controls. All participants gave written informed consent before enrollment, and the study protocols were approved by the institutional review boards at the University 
Statistical methods
We used multivariable-adjusted conditional logistic regression models to estimate risk ratios (RRs) and 95 % confidence intervals (CIs) for CBC associated with systemic therapy used to treat first primary breast cancer. We estimated the RR for CBC associated with ever use of tamoxifen or chemotherapy versus never use as the reference category. We also calculated RRs associated with time since first breast cancer diagnosis (1-4, 5-9, ≥10 years), age at first breast cancer diagnosis (≤39, (1985-1989, 1990-1994, 1995-1999, 2000-2004, 2005-2008) , first-degree family history of breast cancer (yes, no), BMI (<25, 25-29.9, ≥30 kg/m 2 ), histology (lobular, other), and ER/PR status (positive, negative). If either ER or PR was positive, we considered ER/PR status to be positive. To account for the counter-matching in WECARE I, we included a log-weight covariate offset term. For WECARE II participants who were matched in pairs, we assigned the value of 1 to the offset term.
Analyses of the effects of tamoxifen treatment were stratified by duration of use (≤18, 19-53, ≥54 months, or <54, ≥54 months) and by time since last use at reference date (0 (current use at reference date), >0-37 months (past use), ≥37 months (past use)). The cut-point at 37 months was the median for values greater than 0 for controls who received tamoxifen.
We also estimated RRs for ER-positive and ERnegative CBCs separately for ever versus never use of tamoxifen and by duration and time since last use at reference date.
All analyses of associations of risk with tamoxifen treatment were repeated after restricting eligibility to women with a hormone receptor-positive first breast cancer.
For chemotherapy, we examined the association between different regimens and CBC risk. A woman was classified as having received a chemotherapeutic regimen if she received the combination of the drugs for either her first primary breast cancer or a recurrence (see Table 5 for regime classifications).
Additionally, we examined the RR of CBC for different combinations of breast cancer treatment comparing women to those who only underwent surgery for their first breast cancer. We also performed sensitivity analyses excluding either participants diagnosed with in-situ CBC or participants diagnosed with recurrences during the 'at-risk' period.
Multivariable models were adjusted for age at first diagnosis, first-degree family history of breast cancer, histology, stage, and ER/PR status of the first breast cancer and radiotherapy. In tamoxifen analyses, we further adjusted for other endocrine therapy and chemotherapy, whereas chemotherapy analyses were adjusted for endocrine therapy.
Results
The majority of WECARE Study participants were diagnosed with first primary breast cancer during 1990-1999 (Table 1) . Twenty-four percent of cases were diagnosed with CBC 10 or more years after the first breast cancer diagnosis. More than half of the participants had a receptor-positive first breast cancer.
Tamoxifen use during the 'at-risk' period was associated with a statistically significant decreased RR of CBC (ever versus never use: RR = 0.76; 95 % CI = 0.63-0.92) ( Table 2) . Reduced RRs were seen 1-4 years and 5-9 years after the first breast cancer diagnosis, but not after 10 or more years. However, the RRs of CBC did not differ statistically by time since first breast cancer diagnosis (P heterogeneity = 0.3) or by duration of use (overall P value = 0.7). We found a decreased risk of CBC for current users of tamoxifen (RR = 0.73; 95 % CI = 0.55-0.97) and for past users who stopped tamoxifen treatment within 37 months before the reference date (RR = 0.73; 95 % CI = 0.53-1.00); for women who stopped using tamoxifen ≥37 months before the reference date, CBC risk was close to unity (overall P value = 0.2). The RR for current users was lower and only statistically significant for those using tamoxifen for 54 months or longer (RR = 0.44; 95 % CI = 0.27-0.73) compared with those with shorter use (RR = 0.86; 95 % CI = 0.62-1.19). Within 37 months of ending therapy, there were no statistically significant reductions in CBC risk for women using tamoxifen for less than 54 months or for women using tamoxifen for 54 months or longer.
We found a statistically significant decreased RR of ER-positive CBC (RR = 0.75; 95 % CI = 0.58-0.96) comparing women treated with tamoxifen with those not receiving tamoxifen treatment (Table 3 ). The RR of ER-negative CBC for ever receiving tamoxifen treatment was close to unity (RR = 0.92; 95 % CI = 0.59-1.44). There was no increase in the RR of ER-negative CBC for tamoxifen use for ≥54 months either overall (RR = 0.93; 95 % CI = 0.50-1.74) or when restricting to current users (RR = 0.76; 95 % CI = 0.25-2.37).
No statistically significant differences in associations with CBC risk were observed for tamoxifen use by age at first breast cancer or year at first breast cancer, family history of breast cancer, BMI or ER/PR status of first breast cancer (P heterogeneity = 0.1-0.9) ( Table 4) . Tamoxifen users with a lobular histology of their first tumor had a more pronounced reduction in CBC risk than users with other types of tumors (P heterogeneity = 0.03).
Results for women with hormone receptor-positive first tumors (Additional file 1: Tables S1-S4) were similar to the findings for tamoxifen and CBC risk for all participants, although for the former group a RR of 1.61 (95 % CI = 0.92-2.79) (Additional file 1: Table S2 ) was found versus a RR of 1.25 (95 % CI = 0.84-1.86) for the latter group (Table 2) for ≥54 months of tamoxifen use ending ≥37 months before the reference date. For ERpositive CBC, RRs of 1.59 (95 % CI = 0.94-2.68) (Additional file 1: Table S3 ) and 1.07 (95 % CI = 0.74-1.56) (Table 3) , respectively, were found for these groups if ending treatment ≥37 months before reference date. Use of chemotherapy during the 'at-risk' period versus no chemotherapy was associated with a reduced risk of CBC (RR = 0.71; 95 % CI = 0.59-0.85) ( Table 5 ). We found statistically significant decreased RRs of CBC associated with chemotherapy 1-4 years (RR = 0.59; 95 % CI = 0.45-0.77) and 5-9 years (RR = 0.73; 95 % CI = 0.56-0.95) after first diagnosis, whereas no association was found ≥10 years after first diagnosis. There were no statistically significant associations with receipt of chemotherapy by age at first breast cancer or year at first breast cancer, family history of breast cancer, BMI, histology, or ER/PR status of first breast cancer (P heterogeneity = 0.07-0.8). We found the largest risk reductions for cyclophosphamide, methotrexate, and fluorouracil (CMF) regimens (RR = 0.67; 95 % CI = 0.54-0.83) and other regimens (RR = 0.55; 95 % CI = 0.31-0.97) (overall P value = 0.003) ( Table 6) .
We found a reduced risk of CBC for women who were treated with chemotherapy only compared with women who had undergone surgery only (RR = 0.68; 95 % CI = 0.49-0.93), whereas no association was observed for tamoxifen only (RR = 1.06; 95 % CI = 0.69-1.64) ( Table 7 ). The largest decrease in CBC risk was associated with concurrent administration of chemotherapy, tamoxifen and radiotherapy (RR = 0.54; 95 % CI = 0.39-0.76) and non-tamoxifen endocrine therapy used with or without other therapies (RR = 0.49; 95 % CI = 0.33-0.72).
Sensitivity analyses excluding cases diagnosed with insitu CBC or participants diagnosed with recurrences showed no major changes in RR estimates (results not shown).
Discussion
In the WECARE Study, we showed that reduction in CBC risk was associated with longer duration of tamoxifen use for current users and it continued up to 3 years after ending treatment for past users. There was no increase in risk of ER-negative CBC associated with tamoxifen use for ≥54 months. A CBC risk reduction for up to 10 years after the first breast cancer diagnosis was found for women treated with chemotherapy. We found no evidence that CBC risks associated with these systemic treatments differed by age, year of diagnosis, family history of breast cancer, BMI, or ER/PR status, but the association with tamoxifen differed by histology of the first cancer.
In the meta-analysis by the EBCTCG published in 1998, comparing breast cancer clinical trials with different durations of tamoxifen use, reductions in CBC risk were larger in trials of 5 years of tamoxifen use versus those of 1 or 2 years of use [14] . A review published in 1999 of 18 updated trials revealed comparable results [15] . Two casecontrol studies reported no clear difference in CBC risk by duration of tamoxifen use, although the reduction in CBC risk was only statistically significant when tamoxifen was used for more than 1 year [3, 10] . One previous cohort study examined duration of use for current users and found similar results [9] . Our finding, that current users of tamoxifen with longer durations of use tend to have the largest CBC risk reduction, is consistent with longer treatment having a greater impact on risk. Thus, the recent recommendations that tamoxifen should be used for 10 years [16] may also be beneficial in respect to CBC risk.
An important question concerns the length of the protection against CBC after discontinuation of tamoxifen. The latest EBCTCG meta-analysis from 2011 showed a CBC risk reduction up to 5-9 years after the first breast cancer diagnosis corresponding to 0-4 years after ending treatment in trials testing 5 years of tamoxifen versus no tamoxifen [2] . One previous observational study [3] reported an odds ratio of 0.4 up to 1 year after treatment cessation, but no risk reduction was seen more than 1 year after ending treatment. The reduction in CBC risk in our study continued for 3 years after completion of treatment. This finding is consistent with a preventive effect of tamoxifen on CBC lasting for a limited time period after ending the treatment. This is in contrast to the most recent prevention trial showing that high-risk women treated with tamoxifen for 5 years continue to have a decreased risk of developing breast cancer throughout the available follow-up of a median of 16.0 years from randomization [17] . Overall P-value CBC contralateral breast cancer, CI confidence intervals, P-het. P value for heterogeneity, RR risk ratio, UBC unilateral breast cancer
Although the latest meta-analyses by the EBCTCG showed the preventive effect of tamoxifen on the development of CBC was limited to women with an ERpositive first breast cancer [2] , trials initiated before 1990 showed similar CBC risk reductions for patients with ERpoor tumors as for other patients [14] . Similarly, our Unknown not included in model results show that treatment with tamoxifen is associated with reduced risk for patients with hormone receptorpositive and for patients with receptor-negative first breast cancers. This would be compatible with CBCs representing a second independent tumor and not recurrent or metastatic disease [18] . A concern has been raised in two studies by Li et al. [10, 19] showing that tamoxifen may increase the risk of ER-negative CBC. The first was a cohort study based on SEER data from western Washington [19] , while the second was a nested case-control study within the same study population, although updated with an extended range of diagnosis years, restriction to ER-positive first primary cases, and detailed medical record reviews [10] . The latter study showed that the excess of ERnegative CBC was confined to patients with >5 years of tamoxifen use [10] . Reassuringly, we and a recent cohort study from Geneva [20] were not able to confirm these observations. Consistent with previous studies, we found that CBC risk associated with tamoxifen did not differ by age [2, 14] a ", except ER/PR status of first breast cancer diagnosis BMI body mass index, CBC contralateral breast cancer, CI confidence interval, ER/PR estrogen receptor/progesterone receptor, P het; P value for heterogeneity, RR risk ratio, UBC unilateral breast cancer or BMI [21] . Studies have shown that tamoxifen might also be effective in BRCA1 and BRCA2 mutation carriers in respect to reducing CBC risk [11] consistent with our finding of risk reductions regardless of family history of breast cancer. However, due to the higher baseline rate of CBC for breast cancer patients with family history compared with those with no family history, the absolute numbers prevented would be larger in the former group. a ", except ER/PR status of first breast cancer diagnosis BMI body mass index, CBC contralateral breast cancer, CI confidence interval, ER/PR estrogen receptor/progesterone receptor, P het; P value for heterogeneity, RR risk ratio, UBC unilateral breast cancer To our knowledge, no previous studies have investigated whether associations differed by histologic subtype. Therefore, the finding of a lower CBC risk after tamoxifen use for patients with lobular first breast cancer compared with other types is novel.
Little is known about how chemotherapy affects risk of CBC over time. Some studies failed to show risks deviating from unity during both short-and long-term time intervals after first breast cancer [5, 22] . A study from the Netherlands reported an overall reduction in CBC after chemotherapy; however, for 5-year survivors followed up to 15 years, no significant risk reduction was seen [4] . Our study suggests that the protective effect of chemotherapy on CBC persists for up to 10 years after the first breast cancer diagnosis.
In the 2005 EBCTCG meta-analysis, the beneficial effects of chemotherapy on CBC were restricted to younger women [1] . We were able to confirm this finding in the WECARE Study as all our participants were younger than 55 years at first breast cancer diagnosis; however, we found no tendency towards a lower risk by decreasing age. Also, in the 2005 EBCTCG study, a significant reduction in CBC risk was observed for women below age 50 years treated with CMF regimens but not with anthracycline regimens [1] . In the latest EBCTCG update from 2012, no significant effect of either anthracycline or CMF regimens was found; however, these analyses were not age-stratified [23] . In the WECARE Study, we also observed little difference in CBC risk by chemotherapy regimen, although the clearest risk reduction was seen for CMF regimens. The strengths of our study include the populationbased study design, the large sample size of women diagnosed with CBC, and the detailed information on treatment obtained from medical records. This enabled us to adjust for other endocrine therapy including aromatase-inhibitors that have been shown to be more effective than tamoxifen in preventing CBC [24] . However, some limitations exist. First, our study was not a randomized trial where treatment would be randomly assigned. Also, women with breast cancer survived until recruitment into the study, and we cannot exclude the possibility that they may differ from otherwise eligible women who were deceased. There was no reduction in CBC risk for women using only tamoxifen and no other treatments; however, this was a relatively small and distinct group. We cannot rule out the possibility that a small fraction of CBCs were actually metastases. However, we restricted the underlying cohort of breast cancer patients to those without distant spread at first diagnosis, and the sensitivity analyses suggested that inclusion of participants with recurrences before the CBC diagnosis did not substantially affect our results.
Conclusion
In conclusion, the expanded WECARE data suggest that treatment with tamoxifen or chemotherapy may offer protection against a CBC for a limited period following completion of treatment. Previously raised concerns that tamoxifen may increase risk of ER-negative CBC could not be substantiated.
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